Objectives: In older patients, bone mineral density (BMD) diminishes with age, increasing susceptibility to femoral neck fractures. Evidence has emerged that patients who should have dual x-ray absorptiometry scans to evaluate their bone health are not doing so. Because computed tomography (CT) attenuation has now been correlated with BMD thresholds relating to osteoporosis, virtually any existing CT scan that includes the L1 vertebra can be used to assess BMD. This study evaluates the utility of CT attenuation in characterizing BMD in patients after femoral neck fractures. Methods: The electronic medical records of adults who presented to a level I trauma center with hip fractures were evaluated for eligibility. Those with a CT scan of the abdomen or other CT scan with a complete view of the L1 vertebra were included. To measure attenuation, a region of interest was selected to include the body of the L1 vertebra in the axial plane and exclude the cortices and posterior venous complex. Results: Of the 589 patients reviewed, 217 met inclusion criteria; 112 were aged 18 to 64, while 105 were !65. Eight (7.1%) patients in the younger cohort had a mean CT attenuation below the 110-HU threshold set for 90% specificity, whereas 31 (29.5%) patients in the older cohort had a mean CT attenuation below this threshold. Using the 160-HU threshold set for 90% sensitivity, 39 (34.8%) patients of the younger cohort and 74 (70%) patients of the older cohort were osteoporotic; all differences in CT attenuation by age were strongly significant (P < .0001). Conclusions: A significantly larger proportion of older patients with hip fractures had osteoporosis, helping validate the utility of CT attenuation in this context. In addition, a large proportion of these patients already had these images available, thus potentially helping limit cost and unnecessary medical investigations.
Introduction
Hip fractures are a significant cause of morbidity in older patients, 1,2 becoming more frequent as the population ages. The estimated number of hip fractures worldwide is projected to increase from 1.7 million in 1990 to 6.3 million in 2050. 1 Although other fracture sites can result from osteoporosis, fractures at the femoral neck, vertebrae, and distal radius have been most strongly and consistently associated with osteoporosis among all risk groups. 3, 4 Osteoporosis can be characterized as high turnover or low turnover; in the former, osteoclast activity is increased and resorption lacunae are deeper and more numerous; in the latter, osteoblasts primarily fail to form bone during normal bone turnover. The main manifestation of osteoporosis, the highturnover variant, occurs in menopausal women. 5, 6 Osteoporosis, which is considered a ''silent disease'' until a fracture occurs, is associated with impaired bone strength, 7, 8 which is influenced by a variety of factors 9 but strongly correlates with bone mineral density (BMD). [10] [11] [12] [13] [14] [15] It is well established that structurally insufficient osteoporotic bone is predisposed to fracture [16] [17] [18] and that BMD can affect fracture stability after osteoporotic fractures. Patients with osteoporosis have an increased frequency of early instability, malunion, and late carpal malalignment compared to those with normal BMD. 19 Biomechanical studies have also established that osteoporosis reduces the strength of fixation of implants, 20, 21 while cadaveric studies have highlighted an inverse relationship between BMD and fracture magnitude. 22 Although BMD testing is recommended for patients at risk of fractures, 23, 24 it often does not happen. 24 We know that we can use opportunistic use of computed tomography (CT) attenuation from scans ordered for other purposes to generate good estimates of BMD. 25 This project thus aims to elucidate the utility of opportunistic CT in detecting osteoporosis in patients with femoral neck fractures, enumerate the frequency with which osteoporosis occurs in these patients, and determine whether it is affected by age.
Methods
After institutional review board approval, we reviewed the records of patients who presented to our level I trauma center from June 2010 to December 2012. Adults (!18) with an acute hip fracture were eligible for the study if they had a CT scan of their abdomen (or other CT scan with a view of L1) in the 6 months before or after their fracture. Patients were excluded if they were minors (<18), had a fracture through the L1 vertebra, or had a CT scan that was performed outside of the prescribed period. Images were acquired on General Electric scanners (VCT 64 slice or LightSpeed 16 slice; GE Healthcare, Waukesha, WI). The CT scanners used for acquiring images were calibrated daily during the period in which all initial images were taken.
Using a picture archiving and communications system, regions of interest (ROIs) were selected. The method was similar to that of Pickhardt and colleagues. 25 The L1 vertebra was identified in the axial plane and viewed in bone and soft tissue windows. We chose the largest elliptical area over the body of L1 that could be selected without including the cortex. We also ensured that specific areas with hardware, focal heterogeneity, and the posterior venous complex were excluded from the ROI. For each patient, we measured mean, minimum, and maximum CT attenuation in HU. 25 Bone mineral density was evaluated by comparing values for CT attenuation in HU with previously published thresholds. 25 We evaluated the following thresholds: (1) 110 HU or >110 HU (to achieve about 90% specificity in differentiating osteoporosis from nonosteoporosis), (2) 135 HU or >135 HU (to achieve a balanced specificity and sensitivity in differentiating between osteoporosis and nonosteoporosis), and (3) 160 HU or >160 HU (to achieve a sensitivity of about 90% in differentiating osteoporosis from nonosteoporosis and a balanced sensitivity and specificity in differentiating normal and low BMD). The patient cohort was stratified by age into 2 groups (<65 and !65 years). The mean CT attenuation in HU was compared using Student t-test. For each threshold value, we compared the proportion of each age-stratified group above or below the threshold using Fisher exact test.
Results
Of 589 patients, 217 met inclusion criteria; 112 were 18 to 64, while 105 were !65. Age-related differences in the mechanism of fractures were significant, with the highvelocity mechanism accounting for 96 (86%) of the 112 younger patients and 10 (9.5%) of the 105 patients 65 and older (P ¼ .00049). In all, 8 (7.1%) patients in the younger cohort had a mean CT attenuation below the 110-HU threshold set for 90% specificity, and 31 (29.5%) patients in the older cohort were below that threshold. Using the 160-HU threshold, set for 90% sensitivity, 39 (34.8%) patients in the younger cohort and 74 (70%) patients in the older cohort had osteoporosis; all differences in CT attenuation by age were strongly significant (P < .0001; Table 1 ). Finally, using the 135-HU threshold for balanced sensitivity and specificity, 18 (16%) of the 112 patients younger than 65 had BMD below this, while 56 (53%) of the 105 patients 65 and older had BMD below this threshold.
In the younger cohort, 7 (6%) of the 112 patients previously had at least 1 dual x-ray absorptiometry (DXA) scan. All but 2 of the patients were female, but the 2 male patients in this group had BMD of 207 and 230 HU, respectively-above all thresholds for differentiating osteoporosis from nonosteoporosis. In contrast, the 5 female patients who had a previous DXA scans were 50 to 64 years old and had mean CT attenuation of 79 to 125 HU (Table 2 ).
In the older cohort, 27 (26%) of the 105 patients had undergone at least 1 DXA scan; of these, 19 were females and 8 were males. Overall, the values for CT attenuation were 34 to 312 HU. Of the older patients with hip fractures, 10 sustained these fractures, despite having BMD that was nonosteoporotic even at the highest threshold (160 HU; Table 3 ). The regression generated to evaluate age versus BMD showed a correlation, with R 2 of .369 ( Figure 1 ).
Discussion
Hip fractures are a significant cause of morbidity in older patients, 1 with a projected increase associated with an aging population.
1 Age-related osteoporosis underlies many of these fractures arising from minimal trauma. 3 With this in mind, modalities that give patients and their clinicians accessible ways to monitor the health of their bones are desirable. This is broadly in keeping with the aims of the Own the Bone initiative. 26 We found that CT images from which estimates of BMD could be derived were readily available in nearly 40% of patients with hip fracture who were included in this study, whereas only 34 (around 6%) patients of the same cohort had previously undergone DXA scans. These suggest that data from CT scans may be more widely available than that of DXA scans, although the CT scans were ordered for reasons other than assessment of BMD. That this can be done retrospectively is attractive as are the greater sensitivity and specificity of CT attenuation, the potential for cost savings, and the potential to reduce the number of medical procedures to which our patients are exposed. Using opportunistic CT, a sizeable proportion of fractures were found to be associated with osteoporosis, especially in the elderly patients. Because osteoporosis is associated with negative clinical outcomes, 27 a window of opportunity using this approach allows early diagnosis and preemptive treatment, which may in turn slow, halt, or even reverse the hitherto silent bone loss. For patients treated surgically, the surgeon must be aware of the quality of the patient's bone to help ensure best results when considering which procedure or implant to use. 20 After a fracture, the patient is predisposed to subsequent fractures, 28, 29 which may be associated with even greater risks of morbidity, mortality, and resource use than that of the index fracture. If our data represent broad clinical demographics, just under half of the patients who fracture their hips may be able to have their BMD assessed without the need for further investigation.
Osteoporosis is a disease in which screening of asymptomatic individuals may be beneficial because it has a long preclinical course before fracture, and a reliable test to establish the diagnosis and treatments has been shown to reduce the risk. Early diagnosis may afford the opportunity to use lower cost treatment to slow osteoporosis progression. Although it has been established that osteoporosis screening with BMD measurements should be individualized, how this approach to screening should occur remains controversial.
Although the association between age and BMD is somewhat intuitive, it is important to be able to demonstrate this relationship in a patient population known to have a strong association with osteoporosis. Patients with hip fracture are one such group; this population's appropriateness is further confirmed by the strength of the correlation demonstrated when a regression is generated. Because many patients who should have DXA scans do not, it would seem that a large proportion of patients become aware of their condition only after a fracture. Given the relatively ubiquitous nature of abdominal CT scans in US healthcare 24 -especially among older patients-this technique could forestall future fractures.
Although overtesting of BMD (eg, in premenopausal women with low fracture risk) is limited, the fundamental problem with osteoporosis is thought to be underdiagnosis due to undertesting [30] [31] [32] ; less than 33% of older US women and 5% of older US men have had a BMD. 31 Even after a low-velocity fracture, only 10% to 20% of older patients are treated for osteoporosis. 32 Clinical anecdotes, especially in view of our data, suggest that many of these patients have a CT scan that could be mined for CT attenuation-derived BMD. The CT-based assessment of BMD has a higher sensitivity and specificity than DXA; the clinical implication was illustrated in the index publication, 25 which identified a group of patients whose BMD was shown to be normal by DXA scanning but went on to sustain a fragility fracture. Reevaluation using CT attenuation for most of these patients showed a diminished BMD.
The retrospective nature of this study is a limiting factor, although the parameter measured would largely be unchanged if collected prospectively. It should also be noted that opportunistic CT attenuation is, as yet, not sufficiently developed to be used to predict the risk of future fractures. Also, because our study was set in an urban level I trauma center, there may be a preponderance of existing CT scans because they may be incorporated into trauma protocols, which may be activated more often in larger centers. Finally, beyond using age 65 as a threshold to distinguish between old and young, no other stratification was used; this is particularly germane to the female cohort because of the onset of menopause about 12 to 14 years before the threshold. This was particularly apparent in that the female patients in the younger cohort with DXA scans were virtually of ages 50 to 64. Notwithstanding, as a proof of concept, it achieves its aim, especially in being able to identify patients with osteoporosis that had otherwise not been identified-an important benchmark for any new technique.
Overall, the opportunistic use of CT attenuation to evaluate BMD may provide a high-sensitivity and high-specificity approach that may provide cost savings, both from additional investigations and from the cost of managing future fractures. Further studies are needed, ideally, prospectively, to confirm the frequency with which additional imaging is available, what patient subgroups may most often benefit, and what an appropriate patient-flow algorithm would look like if CT attenuation were more widely adopted. A regression outlining the association between age and bone mineral density (BMD), using computed tomography (CT) attenuation.
